The present investigation deals with the problem of estimation of population mean in two-phase (double) sampling. Utilizing information on two auxiliary variables, one chain exponential ratio and regression type estimator has been proposed and its properties are studied under two different structures of twophase sampling. To make the estimator practicable, unbiased version of the proposed strategy has also been developed. The dominance of the suggested estimator over some contemporary estimators of population mean has been established through numerical illustrations carried over the data set of some natural population and artificially generated population. Categorization of the dominance ranges of the proposed estimation strategies are deployed through defuzzification tools, which are followed by suitable recommendations.
INTRODUCTION
Information on variables correlated with the study variable is popularly known as auxiliary information. The use of supplementary information on auxiliary variable for estimating the finite population mean of the variable under study has played an eminent role in sampling theory and practices. Auxiliary information may be truthfully utilized at planning, design and estimation stages to develop improved estimation procedures in sample surveys. Use of auxiliary information at estimation stage was introduced during the 1940's with a comprehensive theory provided by Cochran. Sometimes, information on auxiliary variable may be readily available for all the units of population; for example, tonnage (or seat capacity) of each vehicle or ship is known in survey sampling of transportation and number of beds available in different hospitals may be known well in advance in health care surveys. If such information lacks, it is sometimes, relatively cheap to take a large preliminary sample where auxiliary variable alone is measured, such practice is applicable in two-phase (or double) sampling. Two-phase sampling happens to be a powerful and cost effective (economical) technique for obtaining the reliable estimate in firstphase (preliminary) sample for the unknown parameters of the auxiliary variables.
For example, Sukhatme (1962) mentioned that in a survey to estimate the production of lime crop based on orchards as sampling units, a comparatively larger sample is drawn to determine the acreage under the crop while the yield rate is determined from a sub sample of the orchards selected for determining acreage.
In order to construct an efficient estimator of the population mean of the auxiliary variable in first-phase (preliminary) sample, Chand (1975) introduced a technique of chaining another auxiliary variable with the first auxiliary variable by using the ratio estimator in the first phase sample. The estimator is known as chaintype ratio estimator. This work was further extended by Kiregyera (1980 Kiregyera ( , 1984 , Sahoo et al. (1994) , Tracy et al. (1996) , Singh and Espejo (2007) , Gupta and Shabbir (2007), Shukla et al. (2012) , Choudhury and Singh (2012) and among others where they proposed various chain-type ratio and regression estimators. It may be noted that the most of these estimation procedures of population mean in two-phase sampling are biased which become a serious drawback for their practical applications. Apart from the bias estimates, it may also be observed that dominance ranges of the recent developed ones over the conventional ones are not clearly mentioned. Simulation study carried over the data set of natural and artificially generated population have been utilized to obtain the trend of efficacy of these recent developed strategies. The dominance conditions of the newly developed estimators are very essential for their recommendations to the real life problems.
Motivated with this argument, only Chatterjee et al. (2015) has given a new direction to find the dominance range of the estimation strategy through fuzzy tools in successive sampling and it may be noted that no attempt has been made yet to find the dominance ranges of the estimators in two phase sampling scheme for the estimation of population mean in sample surveys.
Encouraged and fascinated with the work discussed earlier, we have proposed chain exponential ratio and regression type estimator of population mean and studied its properties under two different structures of two-phase sampling.
Considering the realistic situations, we have developed unbiased version of the proposed estimators. Performances of the proposed estimator have been examined through theoretical and numerical illustrations, which presents the effectiveness of the proposed strategies. To categorize the dominance ranges of the proposed estimation strategic, fuzzification and defuzzification rule are employed.
Recommendations of the proposed estimation strategy have been put forward to the survey statisticians.
FORMULATION OF THE CLASS OF ESTIMATOR

Sample Structure and Some Existing Estimation Procedures
Let k y , k x and k z be the values of the study variable y, first auxiliary variable x and second auxiliary variable z respectively associated with the k th unit of the finite population 1 2 3 N U = (U , U , U , . . ., U ). We wish to estimate the population mean Y of the study variable y in presence of auxiliary variables x and z, when the population mean X of x is unknown but information on z is readily available for all the units of population.
Thus, to estimate Y , a first phase sample   S S U   of size n is drawn by simple random sampling without replacement scheme (SRSWOR) from the entire population U and observed for the auxiliary variables x and z to furnish the estimate of X. Again a second-phase sample S of size m   m n  is drawn from the first phase sample SRSWOR scheme to observe the study variable y.
Hence onwards, we use the following notations:
Z : Population mean of the auxiliary variable z.
x , z  : Sample means of the respective variables based on the first phase sample of size n . To estimate the population mean Y , the classical ratio estimator is presented as r y y = X.
x (1) where y and x are the sample means of variables y and x respectively based on the second phase sample S.
If X is unknown, we estimate Y under two-phase sampling set up as
where x is the sample mean of the auxiliary variable x based on the first-phase (preliminary) sample S.  Srivastava (1970) generalized the ratio method of estimation and its structure in twophase sampling is given by
where α is a real scalar, which can be suitably determined by minimizing the mean square error (M. S. E.) of the estimator 2 t .
The way in which the estimate of Y is improved using the auxiliary information on x can also be extended to improve the estimate of X in the first-phase sample, if another auxiliary variable z closely related to x but remotely related to y is used.
Thus, assuming that the population mean of the auxiliary variable z is known, Chand (1975) proposed a chain-type ratio estimator as c rd
where rd x x = Z, z    z and Z are the sample mean based on the first phase sample of size n and population mean of the auxiliary variable z respectively.
Singh and Espejo (2007) considered a ratio -product type estimator in double sampling as
where p is a real scalar which may be suitably determined to minimize the mean square error of the estimator 4 t .
Singh and Vishwakarma (2007) constructed exponential ratio and product type estimator of population mean in two phase sampling as 4 x -x t = y exp
and 5 x -x t = y exp
respectively.
Proposed Class of Estimator
Motivated with the earlier work, we have defined a class of chain exponential ratio and regression type estimators as
where k is a real constant which can be suitably determined by minimizing the M. S. Z (e -e )-β (e +e e -e e ) X k t = Y(1 + e ) (1-k) 1+e 1 + exp 2 e +e Z 1+ -β (e +e e -e e ) 2X
We have derived the expressions for bias and mean square error of the proposed class of estimators p t and presented them below.
We have the following expectations of the sample statistics under two -phase sampling set up as
Expanding binomially, exponentially, using results from equation (9) 
where   
BIAS REDUCTION FOR THE PROPOSED CLASS OF ESTIMATOR
In some situations of practical importance, bias becomes a serious drawback. Therefore, unbiased versions of the proposed classes of estimators are more desirable. Motivated with this argument and influenced by the bias correction techniques of Tracy et al. (1996) 
where 
Thus, the variance of p t  to the first order of approximation are obtained as
Thus, from equations and (12) and (15) it is to be noted that the class of estimators p t  is preferable over the class of estimator p t as p t  is unbiased (up to first order of sample size) class of estimators of Y while the class of estimator p t is biased.
MINIMUM VARIANCE OF PROPOSED CLASS OF ESTIMATOR
It is obvious from the equation (15) that the variance of the proposed class of estimator p t  depends on the value of the constant k . Therefore, we desire to minimize their variances and discussed them below.
The optimality condition under which proposed class of estimators p t have minimum variance is obtained as k = -2b/a (16) where Substituting the optimum value of the constant k in equation (15), we have the minimum variance of the class of estimator p t as
REMARK 5.1: It is to mentioned that the optimum value of k depends on unknown population parameters such as x y z C , C , C , yx xz ρ and ρ . Thus, to make the class of estimators practicable, these unknown population parameters may be estimated with their respective sample estimates or from past data or guessed from experience gathered over time. Such problems are also considered by Reddy (1978) , Tracy et al. (1996) and .
EFFICIENCY COMPARISONS OF THE PROPOSED CLASS OF ESTIMATOR p t
To examine the performances of the proposed class of estimators under two different cases of two -phase sampling set up as suggested in this paper, we have compared their efficiencies with some existing estimators of population mean such as y (sample mean estimator) and   
Empirical Investigations through Natural Population
We have chosen four natural populations to illustrate the efficacious performance of our proposed classes of estimators. The source of the populations, the nature of the variables y, x, z and the values of the various parameters are as follows. y= μ +σ ρ x + 1-ρ y , x =μ +σ x and z =μ +σ ρ x + 1 -ρ z .
Thus, we have derived following efficiency comparisons of our proposed strategy with the recent relevant ones with the above artificially generated population techniques as: Table 2 : PRE of various estimators
ANALYSIS OF EMPIRICAL STUDY THROUGH FUZZY TOOLS
From the above empirical study, it is to be noted that the dominance of the proposed strategy over the existing ones have been established through data set of real life population and artificially generated population. Table 3 .
REMARK: 7.1. Here we have considered the stability nature of the coefficient of variations of the study variable and auxiliary variables (Reddy 1978 ) and thus we have taken the coefficient of variations of y, x and z to be approximately equal. Table 3 continued . . . Table 3 where the FLC produces the degree of efficiency for a given range of . The Mamdani Inference Model is adopted here as it is the most commonly used fuzzy methodology and was one among the first few control systems built using fuzzy set theory. Ebrahim Mamdani (1975) proposed and used it to control a steam The set of values for the parameters are computed from the set of data generated in Table 3 . 
Development of the Fuzzy Logic Controller (FLC) is accomplished by studying the empirical data furnished in
CONCLUSION
The following interpretations can be read out from the present study:
The following conclusions may be read-out from the present study.
(a) Table 1 
